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Japanese Published Unexamined (Kokai) Patent Application No. H4-39367, published 
February 10, 1992; Application No. H2-146741, filed June 4, 1990; Int CL 5 : C09D 11/00 11/02 
11/10; Inventors): Katsumi Murofuse et al.; Assignee: Showa Denko Corporation; Japanese 
Title: Kinsekigaikou Koukagata Inki (Near Infrared Photocuring Ink) 

1. Title of Invention 

Near Infrared Photocuring Ink 

2. Claim 

A near infrared Photocuring ink, characterized in that a near infrared 
photopolymerization initiator which is indicated by a general formula (1) is contained: 

(In the formula, D+ stands for a positive ion pigment that has an absorption in a near infrared 
area; R n R 2 , R 3 and R< separately stand for an alkyl group, an aryl group, an alkalyl group, 
an allyl group, an aralkyl group, an alkenyl group, an alkinyl group, an alicyclic group and 
a saturated or unsaturated heterocyclic group; at least one of said Rs is said alkyl group of 1 
to 8 carbon atoms.) 

3. Detailed Description of the Invention 
(1) Field of Industrial Application 

This invention pertains to near infrared photocuring inks that can be suitably used for 
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printing inks. 



(2) Prior Art 

In the recent years, for the purposes of the prevention of a pollution due to a nonuse 
of solvents for printing inks, an improved productivity by a quick curing or an improved 
properties of cured films, ultraviolet photocuring inks have been increasingly developed (for 
example, the following patent applications indicates said development: Japanese unexamined 
patent application No. Hl-229084; Japanese unexamined patent application No. H2-22370). 
The specification of application No. H2-22370 mentions about an ultraviolet photocuring ink 
with an excellent curing speed and an excellent fdm curing, characterized by containing poly 
(metha) acrylic ester and an ultraviolet photopolymerization initiator. 

(3) Problem of Prior Art to Be Addressed 

Ultraviolet photocuring inks work such that, by radiating a 200 to 400 nm ultraviolet 
ray, a polymerizing monomer quickly cures due to a cationic polymerization and a radical 
polymerization. Said ultraviolet photocuring inks are basically composed of the following 
components: coloring materials; photoactivated vehicles; photopolymerization initiators; 
aides; conventional pigments and dyes are used as coloring materials. The following substances 
are practically the main components of said photoactivated vehicles: ester acrylate and 
monomers and polymers which are the derivatives thereof. The following substances are used 
as photpolymerization initiators: acetophenone derivatives; benzoin derivatives; hydrogen 
extracting initiators that are composed of benzophenone derivatives and amines as hydrogen 
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donors; directly photolyzing initiators such as benzoin alkyl ether and the like. 

In the printing industry, said inks are printed so as to form thin films at 1 to 3 ^m; said 
films are cured by radiating ultraviolet rays by a drying means. Since said ultraviolet 
photocuring inks are curable at a high speed, they are used for the following printing means: 
sheet-fed lithography that prints polyester sheets used for cosmetics and food packages; a 
label-sheet printing that prints label sheets such as aluminum foil sheets, polyester, mirror coat 
applied sheets and art coat applied sheets; a curved-surface printing that prints containers 
made of styrol, foamed styrol, polystyrene or polypropylene; an off-letterpress printing that 
prints panels; a tanpo (a type of printing means) printing that prints the dials of clocks and 
electronic parts; a screen printing that prints plastic containers and printed boards. Since said 
ultraviolet photocuring inks also have an energy saving property and a high strength of ink 
applied films, they can be also used for the following types of printing means: a metal plate 
printing that prints food and drink cans; an off-rotary printing that is used for printing text 
books; a business-form printing that prints documents and journals. However, as for said 
ultraviolet photocuring inks used for said purposes as described above, the 
photopolymerization initiator demonstrates a sensitivity on a 200 to 400 nm ultraviolet ray; 
because said ultraviolet rays basically have a low transmittance in relation to monomers, 
ultraviolet photocuring inks are not preferred when opaque paints or thick films are used; 
when the film thickness increases, the surface alone is cured or the curing period increases. 

The present invention aims to offer a near infrared photocuring ink with a high curing 
speed and an excellent printed film hardness by using a near infrared light with an excellent 
transmittance. 
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(4) Measures to Solve the Problem 

After the inventor of the present invention have eagerly researched, by using a near 
infrared photopolymerization initiator as a photoplymerization initiator, which is indicated 
by general formula (1) as indicated below, with a monomer and a prepolymer that contain 
ethylene unsaturated groups generally used as activated vehicles, the ink is cured with a near 
infrared light; by means of this, a near infrared photocuring ink with a high curing speed and 
an excellent printing film hardness so as to achieve the present invention. 

General formula (1) 



B - 



(In the formula, D+ stands for a positive ion pigment that has an absorption in a near infrared 
area; R„ R 2 , R, and R 4 separately stand for an alkyl group, an aryl group, an alkalyl group, 
an allyl group, an aralkyl group, an alkenyl group, an alkinyl group, an alicyclic group and 
a saturated or unsaturated heterocyclic group; at least one of said Rs is said alkyl group of 1 
to 8 carbon atoms.) 

More specifically, the present invention is a near infrared photocuring ink 
characterized in that said ink demonstrates a sensitivity on a 700 or more nm near infrared 
light due to the fact that said near infrared photopolymerization initiator as indicated by 
general formula (I) is contained in an ethylene unsaturated group containing monomer and 
an ethylene unsaturated group containing prepolymer that are usually used as activated 
vehicles for a printing ink. 



Said monomer and said prepolymer refer to a monomer that contains one or more 
ethylene unsaturated groups, for example, a monomer that contains a vinyl group or an allyl 
group and a prepolymer that contains ethylene unsaturated groups on the end or the side 
chain. As for the examples, the following types of ethylene unsaturated substances are given: 
bisphenol A or phenol novolac epoxy resin; epoxy resin of epoxidized soybean oil, epoxidized 
rosin or epoxidized polybutadiene; epoxy acrylates as substances obtained after acrylic acid 
and methacrylic acid have been reacted to each other; epoxymethacrylates; urethane modified 
substances of said epoxy acrylates and methacrylates; ethylene unsaturated group containing 
resin of ester acrylate and methacrylic ester of fatty acid modified alkyd resin; ethylene 
unsaturated monomers of ester acrylate and methacrylic ester of the following substances: 
urethane acrylate; urethane methacrylate; epoxy acrylate; epoxy methacrylatebisphenol a 
tetraethylene glycol diacrylate; bisphenol A tetraethylene glycol dimethacrylate; bisphenol F 
polyethylene glycol doacrylate; bisphenol F polyethylene glycol dimethacrylate; tricyclodecan 
dimethylol dimethacrylate; trimethylol propane tripropoxy triacrylate; trimethylol propane 
tripropoxy trimethacrylate; ditrimethylol propane tetraacrylate; ditrimethylol propane 
tetramethacrylate; trimethylol propane poly ethoxy triacrylate; trimethylol propane polyethoxy 
trimethacrylate; hydroxy pivalic neopentyl glycol diacrylate; hydroxypivalic neopentyl glycol 
dimethacrylate; dipentaerythritolpenta (or hexa); acrylate or methacrylate; tripentaerythritol; 
tetrapentaerythritoL 

Among said substances, the following substances can be preferably used: epoxy 
acrylates and urethane modified substances of epoxidized soybean oil and epoxidized rosin; 
ester acrylate of fatty acid modified alkyd resin; urethane acrylate; ester acrylate and ester 
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methacrylate of the following compound: urethane methacrylate; epoxy acrylate; epoxy 
methacrylate; bisphenol A tetraethylene glycol diacrylate; trimethylol propane tripropoxy 
triacrylate; tripentaerythritol; tetrapentaerytbritol. 

A positive ionic dye borate complex as indicated by general formula (1) is used as a near 
infrared photopotymerization initiator; the following types of pigments that have an 
absorption in a near infrared area are used as specific types of said positive ion dye: a cyanine 
pigment; a triarylmethane pigment; an aluminum pigment; a dianmonium pigment; R„ R Jt 
R 3 and R, of negative borate ions separately stand for an alkyl group, an aryl group, an alkalyl 
group, an allyl group, an aralkyl group, an alkenyl group, an alkinyl group, an alicyclic group 
and a saturated or unsaturated heterocyclic group; at least one of said Rs is said alkyl group 
of 1 to 8 carbon atoms. 

Examples of initiators particularly useful to the present invention are indicated in Table 

1. 



Table 1 
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Please refer to the original 
description 


Please refer to the original 
description 




Please refer to the original 
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n-butyl Phenyl 
n-hexyl Anisyl 
n-octyl Phenyl 








n-butyl Phenyl 
n-hexyl Anisyl 
n-octyl Phenyl 
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X indicates an absorption wave length. Ph indicates a phenyl group. TMPA stands for 
trimethylol propane trimethacrylate. 

The near infrared photocuring ink of the present invention is preferably used with a 
formation such that a near infrared photopolymerization initiator is mixed into a monomer 
and a prepolymer that contain an ethylene unsaturated groups as described above preferably 
at 0.01 to 10% by weight, particularly at 0.1 to 5% by weight. The cured film of the near 
infrared photocuring ink of the present invention can be improved by adding nonreactive solid 
resin as needed, such as diallyl phthalate resin, cyclic ketone resin, natural resin modified 
phenol resin or acrylic resin; the amount of said resin added is preferably at 30% or less in 
relation to that of the near infrared photocuring ink of the present invention. 

The near infrared photocuring ink of the present invention can be combined with the 
following agents as needed other than a coloring pigment: a polymerization inhibitor; a 
plasticizer; a filler; a solvent; aides such as an oxygen removing agent and a chain-transfer 
agent. 

Said ink of the present invention is useful for the following printing means that use 
ultraviolet photocuring inks: a sheet-fed lithography; a metal-plate printing; an off-rotary 
printing; a business-form printing; a label- sheet printing; a curved-surface printing; an off- 
letterpress printing; a tanpo printing; a screen printing; said ink is also useful as a coating 
agent for brightening a sheet, a protective coating and a soldering resist. 
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After said near infrared photocuring ink of the present invention has been printed onto 
a sheet, a plastic or a metal, said applied ink is cured by radiating a near infrared ray by using 
a semiconductor laser, a halogen light or a light-emitting diode; by said means, a printed film 
with an excellent strength can be obtained. 

Said ink can be used as a sheet-fed lithography ink; said near infrared photocuring ink 
is printed at a 5 ^m thickness, and a near infrared ray is radiated by using a near infrared ray 
radiating device; by said means, said ink is fixed at a dry state onto an aluminum foil sheet 
that does not have a permeability and a drying property. 

The present invention is described with reference to the embodiments. 

Embodiment 1 

The following substances at the following amounts are kneaded together by using three 
rollers so as to obtain a near infrared photocuring ink A: a 40 part by weight pentaerythritol 
triacrylate; a 35 part by weight urethane acrylate (U-108-A produced by Shin Nakamura 
Chemical Corporation); a 5 part by weight bisphenol A tetraethylene glycol ditriacrylate; a 
19 part by weight Rubine GL-SE (produced by Nippon Kayaku Corporation); a 1 part by 
weight near infrared photopolymerization initiator (initiator No.l). 

Embodiment 2 

The following substances at the following amounts are kneaded together by using three 
rollers so as to obtain a near infrared photocuring ink B: a 40 part by weight pentaerythritol 
tetraacrylate; a 30 part by weight epoxyacrylate (Karayaddo [Translator's Note: the word is 
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not located in any dictionary! R-167 produced by Nippon Kayaku Corporation); a 10 part by 
weight trimethylol propane tripropoxy triacrylate; a 19 part by weight Rubine GL-SE 
(produced by Nippon Kayaku Corporation); a 1 part by weight near infrared 
photopolymerization initiator (initiator No.l). 

Embodiment 3 

The following substances at the following amounts are kneaded together by using three 
rollers so as to obtain a near infrared photocuring ink C: a 35 part by weight pentaerythritol 
triacrylate; a 35 part by weight urethane acrylate (U-108-A produced by Shin Nakamura 
Chemical Corporation); a 5 part by weight bisphenol A tetraethylene glycol ditriacrylate; a 
19 part by weight Navy Blue 2G-SF 200 (produced by Nippon Kayaku Corporation); a 2 part 
by weight near infrared photopolymerization initiator (initiator No.4A). 

Embodiment 4 

The following substances at the following amounts are kneaded together by using three 
rollers so as to obtain a near infrared photocuring ink D: a 40 part by weight dipentaerythritol 
pentaacrylate; a 30 part by weight epoxy acrylate (Karayaddo R-167 produced by Nippon 
Kayaku Corporation); a 10 part by weight bisphenol A tetraethylene glycol ditriacrylate; a 19 
part by weight Navy Blue 2G-SF 200 (produced by Nippon Kayaku Corporation); a 0.5 part 
by weight near infrared photopolymerization initiator (initiator N0.6A). 



Comparative Example 1 



9 



A near infrared photocuring ink E is obtained as similarly to as in Embodiment 1 
except that the near infrared photopoh/merization initiator (initiator No.l) is replaced with a 
10 part by weight o-benzoyl benzoic methyl. 



Evaluating Method for Ink Performance 

Curing period: Embodiment 1 to Embodiment 4 and a 0.6 g ink are developed onto 
carton sheets by using an Rl tester; light is radiated onto said inks by using an aluminum coat 
halogen light (2 W/cm 1 ); after this, said inks are pressed against art sheets by using said Rl 
tester; the radiating periods (seconds) required until the inks stop adhering are defined as the 
curing periods. 

Film hardness: the inks are applied onto hard vinyl chloride plates by using a bar 
coater so as to obtain a 10 micron film thickness; a radiation is applied for 1 second by using 
said aluminum coat halogen light (2 W/cm 2 ) so as to cure said inks. Following this, a pencil 
hardness is measured for each case based on a JIS-K-5400. 

The measuring results of said curing periods and said pencil hardness are indicated 
Table 2. 



in 



Table 2 



Ink 


Curing period (second) 


Pencil hardness 


A 


0.5 


5H 


B 


0.5 


5H 


C 


0.5 


5H 


D 


0.5 


5H 


E 


Uncured 
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(6) Advantageous Result of the Invention 

The present invention offers a near infrared photocuring ink with a high curing speed 
and a high film hardness that cures with a near infrared ray. 

Translations Branch 

U.S. Patent and Trademark Office 

1/4/01 

Chisato Morohashi 
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